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(54) TiUe: STEREO OPTIC DISC ANALYSER 




(57) Abstract 

The present invention provides a system for creating and visualising three-dimensional images of an object, including imaging means 
for obtaining two images of the same object from different angles, digitizing means for digitizing the images, image processing means for 
colour matching and registering the images, controller means for converting the two images into an interlaced image, display means for 
displaying the registered interlaced image, and visualizing means for visualizing the image in three dimensions. It also provides a method 
for creating and visualising three-dimensional images of an object including obtaining two images of the same object from different angles, 
digitizing the images, colour matciimg and registering the images, converting the two images into an interlaced image, displaying the 
registered interlaced image for visualizing the image in three dimensions, measuring areas of interest, and calculating desired measurements 
of the object. 
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STEREO OPTIC DISC AHALYSER 

The present Invention relates to a con^uter Imaging or 
5 vision technique for the creation and analysis of three 
dimensional Images, of particular but not exclusive 
application in the creation and analysis of images of the 
retinal wall of the eye, and in other three dimensional 
medical and industrial imaging, including fields such as 
10 plastic surgery or aerial surveying and mapping. The 
invention also has application in the detection of 
anomalies of the ocular fundus, and in the early diagnosis, 
treatment and observation of diseases such as glaucoma and 
macular degeneration. 

15 

The ability to visualize objects in stereo, or in three 
dimensions, is a function of the position of the organs of 
sight, the eyes, and the manner in which the human brain 
processes visual Information. The eyes are offset from one 

2 0 another, resulting in a slightly different view of an 

object being presented to each eye. The brain 'combines' 
the left and right perspectives, such that a single image, 
conveying Information about depth, is perceived, ttollke 
the eye, conventional Imaging methods, such as slide, film 

25 and video images, present only two dimensional images of an 
object . 

The ocular fxindus and optic disc possess, like most 
objects, a three dimensional structure. A better 

30 appreciation of fundus topography can, therefore, be gained 
from stereo photography and stereoscopic viewing. Stereo 
fundus photography can create three dimensional images of 
the optic nerve head. Using a fxindus camera, the 
photographer produces two Images of the ocular fundus, from 

35 the perspective of his or her left and right eye. The two 
Images must then be aligned, and viewed with a stereo slide 
viewer, or a light table coupled with a pair of plus (+) 
lenses. Alternatively, the images may be projected through 
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a polarised material onto a screen, with the stereo pair 
polarised at 90° to each other. The observer nmst view the 
images through polarising glasses with a polarising filter 
xn front of each eye. These devices enable the left and 
rxght eye to «see" its corresponding image so that a stereo 
representation n.ay be perceived (see Saine & Tyler (1997) 
for an overview of stereo imaging techniques). 

Stereo examination of the ocular fundus provides useful 
information about the health of the eye, to guide 
diagnostic and treatment decisions. However, the clinician 
xs most interested in observing the evolution of fundus 
topography over time. Comparing a patient's stereo fundus 
Photographs at regular intervals may allow the clinician to 
review subtle changes in the architecture of the optic 
nerve head. However, these images, often taken at 
different times, by different people or in different 
Ixghting conditions, may possess variable characteristics 
xn terms of magnification, colour and the positioning of ' 
features in the image. These variations in image quality 
could be mistaken for changes in the topography of the 
optic nerve head. 

computer technology can overcome some of these problems 
through the use of image processing techniques. Colour 
matching techniques can eliminate colour and tonal 
differences between images of the same object taken on 
separate occasions, while image registration can minimise 
scale, translation and rotation variation. Regular 
computerized imaging of the ocular fundus is, therefore, a 
useful ophthalmic technique, enabling the clinician to make 
diagnostic decisions, track the course of a disease and to 
measure the effectiveness of treatment. 

A number of digitized systems of image analysis have been 
developed to aid in the quantitative analysis of stereo 
xmages, such as that illustrated in us Patent 5,519,485 
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This patent describes a computerized, stereo image, 
measuring apparatus, suitable for topographical mapping and 
capable o£ displaying, and varying the magnification of, 
stereo images, and performing measurements relating to the 
5 three dimensional structure of the object being imaged. A 
control device or central processing unit controls the 
function of this system. Left emd right images are 
introduced, from a scanner or the like, into two separate 
optical disc drives. Images are displayed on a high 

10 resolution, stereo, display device comprising; a left and 
right monitor, a half mirror, a polarizing filter in front 
of each display unit and orthogonal polarized glasses worn 
by the observer. A feature extractor may be used to 
extract features from the image data through designated 

15 left and right measuring points. 

US Patent 5,270,924 describes cui ophthalmic image 
processing system that is able to recognize the difference 
between the left and right images of a stereo pair and to 

20 distinguish the top and bottom of the images, so that they 
may be stored without confusion. Another image processing 
system, the iMAOEnet, from Topcon Corporation, comprises a 
computerised image processing system for fluorescein 
angiography pictures, and fundus photography* rThis system 

25 may digitally enhance stereo images using sharpening and 
contrast stretching tools. Analysis functions, such as 
line area measurement, enable gucuatitative analysis of a 
number of separate images* However, this product has 
proven to be somewhat impractical in a clinical setting, as 

30 it requires long processing times and only registers images 
for translation differences in the X and Y directions. 

Heidelberg Engineering have also developed a method of 
imaging the fundus of the eye, using software which 
35 captures images from a confocal scanning laser 

ophthalmoscope (cSLO) . A cSLO image is constructed from a 
series of "slices" taken at varying levels of the fundus. 
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The Slices are "stacked" together to form a single 
representation of fundus topography, with an accon«,anying 
sense of volume. Xo allow analysis of the same region of 
interest on respective slices, the operator defines this 
5 regxon wxth a contour line. This defined area then is 
stored and aligned on subsequent images, a topographical 
representation of the fundus is produced hy deteLni^ 



10 



20 



tiat^u*. — — «v* «jf uecermining 

hex,ht mea.urem«t, at each location on th. cSLO'a »,ltlpl. 
captured nati^tea ar. then ^ of topo,rapMc 

the optic cup volume and the volume of the optic nerve rin. 

^titatlve analyala in the HeldclW, ayatem la baaed on 

"'""xty Of the ll,ht reflected fro. the f undue. The 
15 area of hl^aat reflectance 1. e«lval«,t to the fundu. 
contour, the ed« aurroundln, the optic nerve head. « 
each level, or .lice, the ed« or fundu. contour ia 
aete^ined, creatin, a topo,raphic .«p of the fundu. and 
«»b in, the calculation of the clinically ia^rtant valuea 
outlxned above. However, if a leaion or veaael in the 
^ce ia .>ore reflective than the contour, the poaition of 
that leaxon will be conaidered the poaition of fundua 
contour, a aituation which raault in a .ialeadin, 
topographical picture. 

current co»puteriaed atereo i.»,in, ay,te«, .uch a. thoa. 
outuned above, may auffer from a number of practical 
diaadvant.,... Difflcultiea with i„.„ regiatration 
Challenge the accuracy of analyala. while long proceaaing 
timea are a probl«, for clinical practice. Hany of thea! 
ayat«^ produc. only monochrome imaga. which do „t TZly 
« much information a. full colour image., in additio^ 
none of the preaently available ayatema provlda a 
comparative meaaur. for reviewing, in real time, three 
di^naional imagea in rapid ae^ence. There remain. ! need 
for an ^g.n, ayatem capable of producing full colour, 
regiatered, atereo imagea in real time. A novel, ater;o 
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imaging method and apparatus has therefore been developed, 
for constructing a three dimensional view of an object, and 
for performing quantitative analysis of the resultant 
stereo photographs. The present invention enables images 
5 of a three dimensional subject, such as the ocular fundus, 
to be viewed in stereo, and for serial comparison to take 
place between colour matched and registered images of the 
same object. 

10 It is therefore an object of the present invention to 

provide an improved imaging system capable of producing a 
virtual, three dimensional representation of an object, 
that also enables an observer to compare representations of 
the object taken at different times. 

15 

It is a further object of the present invention to provide 
an improved stereo image processing system which has the 
ability to colour correct and automatically or semi- 
automatically register images in a stereo pair, or a set of 
20 stereo pairs, compensating for differences in size, 
rotation and translation between the stereo images* 

According to the present invention there is provided a 
system for creating and visualising three dimensional 
2 5 images of an object, including: 

imaging means for obtaining two images of the 
same object from different angles; 

digitizing means for digitizing said images; 
image processing means for colour matching and 
30 registering the images; 

controller means for converting the two images 
into an Interlaced image; 

display means for displaying the registered 
interlaced image; and 
35 visualizing means for visualizing the image in 

three dimensions. 



~ -'-^ -^^ 



=[nain] 
WO 99/20056 

PCT/AU98/0086i 

- 6 - 

Preferably the system includes measuring means for 
ineasurina areas of interest in three dimensions, and 
tt°:;;:ct ^^^^^^^ -eslred measurements of 

5 

P«f.r.bly the .yste„ include, , ,ter,o filler chrono.c»p. 
for oo,,^,r«o= of stereo pelrs or .et. of atereo peirs. 

Pr,fer«,ly tl« .tereo flicker chroooseope i. opereil. to 
10 .erxelly ai.pi«, ^^^^ J " 

The .tereo pairs or sete ot etereo peir. ^y have been 
re,x.ter«, ena/or colour corrected, mean, of the 
processing means. 



15 



The measuring means may be a three dimensional cursor. 

Preferably the calculating means includes computer 
software . 

20 

Preferably the system includes result display means for 
displaying the results of the measurements. 

Preferably the result display means is a polar graph 
25 centred on the optic nerve head. 

Preferably the imaging means is a stereo camera, a digital 
camera, a digital stereo camera, a video camera or a 

3 0 r^'"'' ophthalmoscope operable to record two 

30 different views of the object to be imaged. 

Preferably the digitizing means is a image scanner operable 
to digitize a slide f im. .ith high resolution, a digltll 

35 irii':: ^^'^^ - — e i ii,. 

m, or convert an image into, a digital format. 
Preferably the controller means is a computer or 
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Preferably the Image processing means Is software using the 
techniques of colour matching and Image registration, 
5 and/or Includes means for changing Image magnification In 
three dimensions and real time. 

Preferably the display means Is a video display monitor or 
the like. 

10 

Preferably the visualizing means Includes a pair of Liquid 
Crystal Display goggles. 

The present Invention also provides an apparatus for 
15 viewing three dimensional Images of an object. Including: 

Imaging means for obtaining first and second Images of 
a stereo pair; 

digitizing means for digitizing the two Images; 
Image processing means for determining and correcting 
20 for colour, rotation, translation and scale differences 
between different Images of the same object; 

controller means for converting the Images Into a 
stereo Interlaced Image; 

display means for displaying registered Interlaced 
25 Images; and 

visualizing means for visualizing the Images In three 
dimensions. 

Preferably the apparatus Includes measuring means for 
30 measuring specific characteristics of the object, 

calculating means for calculating desired measurements of 
the object and result display means for displaying the 
results of measurements. 

3 5 Preferably the apparatus Includes a stereo flicker 

chronoscope for comparison of stereo pairs or sets of 
stereo pairs. 
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5 ^'«f«"bly the measuring means includes a thr^o H- 

cursor. Auaes a three dimensional 

Preferably the measuring means includes a circular or 
elliptical template thai- ™«„ w circular or 

10 optic disc and 

v^vtic aisc, and which may be yra^A ^ 

...... ^ur.- — z z-i^ 

^ ^^^^ ^ ^^^^^ 

20 Pr,£,raj,ly the display ai„i,^i^, 

llnM of the £i„f • horlsont.1 
ol the first eM of the .eooM l«.ae. 

la.er ophth.l^.=.pe or enHtLMl^i ! ' 

that ahXe to „co,. t»o aif"^.' ,7:"' 
be imaged. views of the object to 

30 Preferably the digitizing means i« • 

able to digitize a .li^ . . ^"^""^ " 

diait.,1 ^ * «ith high resolution, a 

35 Pref.r«,ly the controller ^ u a colter or a 
microprocessor. "vucer or a 
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Preferably the Ixoage processing means is custom software. 

Preferably the image processing means uses colour matching 
and image registration methods for the correction of 
5 differences in colour, rotation, translation and scale, 
and/or includes rneams for changing image magnification in 
three dimensions and real time. 

Preferably the methods includes a colour matching technique 
10 utilising a linear adjustment method to match the mean anH 
standard deviation of each colour component, euid an 
automatic or semi-automatic technique for rotation and 
translation effects. 

15 PrefersOjly the display means includes a video display 
monitor or the like. 

Preferably the visualizing means includes a pair of Liquid 
Crystal Display goggles. 

20 

Preferably the goggles are Vrex wireless or 3-D Max 
goggles, and more preferably the LCD goggles are 
electronically coupled to the display means. 

25 Preferably the result display means includes a polar graph 
centred on the optic nerve head. 

The present invention still further provides an apparatus 
for visualizing three dimensional, recreated views of an 
3 0 object, including: 

a stereo camera for obtaining first and second 
images of a stereo pair; 

digitizing meeuis for digitizing the first and 
second images; 

35 image processing means for determining and 

correcting for colour, rotation, translation and scale 
differences between two different interlaced images of the 
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same object; 

controller means for converting the images into 
an interlaced image, in which an approximately e<^l number 
Of one or more horizontal lines of the first and then of 
5 the second image are displayed alternately; 

display means for displaying registered, 
interlaced images; and 

three .i^';^''"^ """" "^"""'^ - 

10 

Preferably the apparatus includes measuring means for 
measuring specific characteristics of the object 
calculating means for calculating desired measurements of 
the Object, and result display means for displaying the 
15 results of measurements. v ^ g cne 

Preferably the apparatus includes a stereo flicker 
chronoscppe for comparison of stereo pairs or sets of 



stereo pairs. 



20 



25 



Preferably said object may be any object in which three 
dimensional topographic data is desirable. 

Preferably said object includes human or animal tissue. 
Preferably said object includes 



part. 



an animal or human body 



30 e'yr^lX"'^ ''""^ °' Of the 

Zl.7n """^ ""'"^ ^^^^ - other 

ocular features of interest. 

According to the present invention there is also provided a 
method for creating and visualising three dimensiLH 
35 images of an object including: 

Obtaining two images of the same object from 
axfferent angles; 
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digitizing said images; 

colour matching and registering the images; 
converting the two images into an interlaced 

image; 

5 displaying the registered interlaced image £or 

visualizing the image in three dimensions; 

measuring areas of interest; and 

calculating desired measurements o£ the object 



10 Preferably the method includes comparing stereo pairs or 
sets of stereo pairs, or colour correcting and/or 
registering and displaying sequentially or flickering two 
or more stereo pairs in 3D to highlight change or 
differences in topography. 

15 

Preferably the method includes displaying the results of 
the measurements* 

Preferably said digitizing is performed in high resolution. 

20 

In order that the invention be more fully understood, some 
preferred embodiments will be described, by way of exan^le, 
with reference to the following drawings in which: 

Figure 1 is a diagrammatic plan view of a system 
25 according to the present invention; 

Figure 2 is em eacplanatory diagram illustrating 
the process of producing an interlaced image; and 

Figure 3 is an illustration of a novel colour 
matching process according to a preferred embodiment of the 
30 present invention. 

Referring to Figure 1, the first arrangement of an 
apparatus of the present invention includes a Nidek 
simultaneous stereo camera 1 and 2, for recording two 
35 different images 3 and 4, of the ocular fundus of patient's 
eye 9, taken from left and right viewing positions. 
Alternatively, the images may be captured on film and 
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developed on photographic paper or slides, which «ay then 

sca^e""''' ^-"^ ^«^-) vL a 

scanner, such as a Polaroid Sprintscan or the lifce. 

stored xn the o^ry of a controller means in the form of 
an IBM coi^atible personal computer 5, although any 
appropriate coa«,uting system may be substituted. This 

IZll T -^tware. The left and 

right stereo images are converted by the software into a 
sxngle interlaced image in which every second lile is 
captured from both images. Referring to Pigure 2, image A 
and xmage B are combined to form a single image C 
(corresponding to image 6 in Figure 1, containing 
stereoscopic information. A horizontal line of pixels from 
x«age A is displayed as the first line of the inLLced 

rie:; T.: ^ - — - as 

or ricJ "^""^ °' ^"^^^ = the left 

If p xel *^^««-te lines 

Of pxxels from the two images continues until the 

completion Of an interlaced image C. This image c, 
therefore, contains every second line of the right stereo 
xmage and every second line of the left image. 

thril'T'"' ""'''"^ ' to Visualize 

fol "^"^ ' " °" ^ ^"^^^^ in tL 

form Of a computer monitor 8 or similar video display 

screen. The LCD glasses 7 may be electronically coupled to 
the display unit, such as with those made by 3dL Ir L 
«ay be a wireless version, such as Vrex wir^lesTL " 
glasses. The monitor 8 must be In 

e- ^, "lusc x>e xn interlaced mode, so fclla^ 

°" '"'^'""^^ -it- T 

the two screen, of the LCD i. ^.^.^d, «>ila tl! 

Other remains clear vu ^ wniie the 

eye under IZ H " """" '^^^ -^^h the 

ye under the clear screen and sees the information from 
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the odd niiinbered lines (image A). After all of the odd 
numbered lines have been written, the LCD shutter 
alternates the darkened and clear vision windows and the 
even numbered lines are written (image B) . This process 
5 takes approximately fifty milliseconds, which is 

imperceptible to the human eye. The interlaced image C can 
then be visualised as a "virtual" stereo image and the 
topography of the optic nerve head can be perceived in 
three dimensions* An alternative embodiment would involve 
10 a number of three dimensional glasses being connected, or 
used, in parallel with the video display monitor, so that 
several people could simultaneously view the interlaced 
image. 

15 A novel image processing technique is incorporated into the 
custom software of PC 5 to compensate for differences in 
colour matching, scale, translation and rotation between 
stereo image pairs, or sets of stereo image pairs. Figure 
3 illustrates the technique through which colour matching 

20 is carried out. Linear adjustment is used to accommodate 
for differences in grey scale (colour) from one image of 
the same object to another. Linear adjustment of the input 
image 10, into the output image 14, occurs pixel by pixel, 
by calculation of the means and standard deviations from 

25 the reference image 12. For a grey scale image, this will 
simply adjust the mean and standard deviation of the input 
image to the mean and standard deviation of the reference 
image. For colour images, however, linear colour 
correction will be applied separately on each colour 

30 component of red, green and blue. The mean and standard 
deviation of each colour component of the input image will 
be appropriately matched to the reference image. 

Image registration is also applied to compensate for 
3 5 translation, scale and rotation differences between stereo 
pairs or sets of stereo pairs. This may be completed via 
an automatic or a semi-automatic registration procedure. 
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TWO different techniaues may be used to align sequential 
input and reference iiaages. The first method provides 
automated and precise image registration based on a 
normalized grey scale correlation, m this method, feature 
matching is obtained in both the input and reference 
images, whereby the same feature in both images is 
Identified. A unique teaqplate is automatically selected 
from the input image and a similar template is identified. 
If It exists, from the reference or target image. The 
reference image is then registered according to the 
differences in the centre coordinates of the templates. To 
reduce the search time, the search area on the target image 
may be Ixmited to double the size of the ten^late 
surrounding the centre of the ten«,late. The normalized 
srrey scale correlation function reaches a maximum value of 
1 when the input and reference image match exactly, or 0 
when there is no correlation. By moving the tei.«,late over 
the reference image, the correlation function is computed 
at each position. The position where the largest 
correlation value is obtained is considered the best match. 

A second technique uses a semi-automatic method to register 
the stereo pairs. An even number of points from the input 
image and the approximately corresponding points from the 
reference image are chosen. The best possible match for 
the points chosen on the reference image is found The 
search area is limited to the area surrounding the points 
selected on the reference image. This may increase the 
speed as well as the accuracy of the correlation 
30 confutation. The differences in the x and y directions for 
each point (input and reference points) are computed and 
the average of the differences in the x and y direction 
obtained. This will correct for any translation 
differences . 



20 



25 



35 



By connecting two points and calculating the angles with 
respect to a horizontal axis in the input and the reference 
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Image, the difference in the angle can also be obtained. 
The average angle difference for all the pairs of points 
will give an estimation for the overall rotation of the 
reference image. This technique is faster than the 
5 automatic method, but the fully automatic method may 
provide more accurate alignment. 

The apparatus of the present invention can also supply 
10 mecuis to view, in real time, registered, stereo images of 
the same fundus in rapid se<xuence (stereo flicker 
chronoscopy) . This technique allows comparison of two or 
three dimensional fundus images from the same patient, 
taken on different occasions. For example, a stereo pair 
15 photographed in 1995 may be registered with a stereo image 
taken in 1997 . As the display jumps from one image to the 
other, subtle changes in the structure of the optic disc 
can be easily perceived. Flickering between a number of 
registered images may help the clinician visualize any 
20 changes in fiuidus topography over time. 

A three dimensional mouse pointer can also be used to 
manually measure structures of the optic nerve head or 
other areas of interest. The three dimensional mouse 

25 pointer is an indicator which ceoi not only be moved back 
and forth across the image plane on the monitor, but also 
perpendicular to that plane. Using a keyboard or other 
controls (not shown in Figure 1), the perceived depth of 
the pointer can be changed. This 3D mouse is valuable for 

30 measurements to be made or the precise location of objects 
or structures to be determined. It allows the cursor to be 
placed, in the eyes of the viewer, on the surface of the 
optic nerve or another three dimensional structure. 

35 Measuring means, in the form of a circular or elliptic 
template, can then be displayed cind positioned over the 
optic disc by the operator, to aid in obtaining 



^ ------^^^^^^ ■ 

WO 99/20056 

PCT/AU98/00863 

- 16 - 

measurements around the optic nerve head. Clinicallv 
Z "'""'^ "^^^ ■'^""'^ "-'^ ".e =»-e Of 

at different tlJT ! '^^^^^^^^^'^ »^tween images taken 

different orientations is 
Possxble using the present invention. 

^ u 

mie advantages of the various enUbodiments of th. 

and method r^f «»"«axments of the apparatus 

method Of the present invention are thus that: 
s ereo xmages can he seen on a screen, rather the 
clxnxcxan having to bend over a light box; 
a serxes of stereo images can be flickered ("stereo 
flxcker chronoscopy") whirh ^- ^ stereo 
^ho -1.^ ^ '^^'■^^ is not possible using onlv 

. «.K ^. easier than from monoscopic images- 

of the neuro-retinal rim; ^ 
• colour adjustment and correction «■ • • 

3= . o.o„ Of ^~.=-rr 

the flxccer .„tem (ci^^.o,^, ^ ^ ^..ure^ar' 
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system (chronometry) work together; 

• registered and colour adjusted images are stored, and so 
do not have to be done over and over again; and 

• a nuxnber of people can observe the stereo image on the 
5 computer screen simultaneously. 



Modification within the spirit and scope of the invention 
may therefore be readily effected by a person skilled in 
the art. Other alternative embodiments would involve the 

10 use of one or two video cameras or a scanning laser 

ophthalmoscope to directly capture the image in a digital 
format* Any other single or stereo camera or imaging 
device that is capable of creating an image of the optic 
nerve head from two viewing positions, simultaneously or 

15 sequentially, may also be utilised. Thus, it is to be 
understood that this invention is not limited to the 
particular embodiments described by way of example herein 
above. 



10 
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THE CLAIMS BHPINXNG THE INVENTION AKE AS POLLOWS: 

iZesTf'" T'"^ ^ Visualising three di^io„al 
images of an object, including: 

imaging means for obtaining two images of the 
same object from different angles; 

digitizing means for digiti::ing said images- 

reai«t'°"'' ^'''^-^^-^ for colour matching Ind 

registering the images; 

into "'"^^ ^'^^ converting the two images 

into an interlaced image/ 

t-oe ^i"" - 

««. fox ^ 

1T^'°°*' '=*^°«^»"«' 'or clculatina 

desired meaMrMnents of the object. 

«er«. flxcicer chronoeoop. for co,»ari.on of stereo 
P.ir. or set. of stereo pairs. 

"nages of an object, including: 

imaging means for obtaining two images of the 
same object from different angles; 

digitizing means for digitizing said images- 

register' f^^^""' — ^^r colour matching «^ 
registering the iiaages; 

into ^""''""""^ ^« converting the two images 

into an interlaced image; 

display means for disnlavi r./, «.v 
interlaced image; registered 

visualizing means for visualizing the image in 
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three dimensions; 

stereo flicker chronoscope for comparison of 
stereo pairs or sets of stereo pairs; 

measuring means for measuring areas of interest 
5 in three dimensions; and 

calculating means for calculating desired 
measurements of the object. 



5. A system as claimed in either claim 3 or 4, wherein 

10 said stereo flicker chronoscope is operable to serially 

display stereo pairs or sets of stereo pairs. 

6. A system as claimed in either claim 2 or 4, wherein 
said measuring meeuis is a three dimensional cursor. 

15 

7. A system as claimed in either claim 2 or 4, wherein 
said calculating means includes cozDputer software. 

8. A system as claimed in any one of the preceding claims, 
20 including result display means for displaying the 

results of the measurements. 



9. A system as claimed in claim 8, wherein said result 
display means is a polar graph centred on the optic 
25 nerve head. 



10. A system as claimed in any one of the preceding claims, 
wherein said imaging means is a stereo camera, a 
digital camera, a digital stereo camera, a video camera 
30 or a scaiming laser ophthalmoscope operable to record 

two different views of the object to be imaged. 



11. A system as claimed in any one of the preceding claims, 
wherein said digitizing means is a image scauiner 
35 operable to digitize a slide film with high resolution, 

a digital camera, or any other apparatus operable to 
produce an image in, or convert an image into, a 



5 



10 
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digital format ♦ 

12. A aystem a. cl.i.»a i„ p^ec^in, cl.l.. 

w^r,in controller ^an. i. . colter o7 

microprocessor. 

the te=lml,u.e of colour matching ^ i^,^ 
re,i«ration, .»l/or includes meana tor changiao 
-.unification in three ai^neicn. ana real ' 



tZT.:':"^'^ in one Of the preceding clai^, 
wharein aaid viaualizin, mean, inclnde. a pair of 
Liquid CtYBtal Dl.play goswles. 

*n apparatus for viewing three dimensional ia^ges of an 
object, including: *«ages of an 

imaging means for obtaining first and second 
"nages of a stereo pair; 

25 digitizing means for digitizing the two images- 

x»age processing means for determining and ' 
correctxng for colour, rotation, translation and scale 
dxfferences between different images of the same 

controller means for converting the images into a 
stereo interlaced image; 

display means for displaying registered 
interlaced images; and 

17. »n apparatus as claimed in claim 1., including 
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measuring means £or measuring specific characteristics 
of the object, calculating means for calculating 
desired measurements of the object and result display 
means for displaying the results of measurements. 

5 

18. An apparatus as claimed in either claim 16 or 17, 

including a stereo flicker chronoscope for comparison 
of stereo pairs or sets of stereo pairs. 

10 19. An apparatus for viewing three dimensional images of an 
object, including: 

imaging means for obtaining first and second 
images of a stereo pair; 

digitizing means for digitizing the two images; 
15 image processing means for determining and 

correcting for colour, rotation, translation and scale 
differences between different images of the same 
object; 

controller means for converting the images into a 
20 stereo interlaced image; 

display means for displaying registered 
interlaced images; 

visualizing means for visualizing the images in 
three dimensions; 
25 stereo flicker chronoscope for comparison of 

stereo pairs or sets of stereo pairs; 

measuring means for measuring specific 
characteristics of the object; 

calculating means for calculating desired 
30 measurements of the object and result display means for 

displaying the results of measurements. 

20. An apparatus as claimed in either claim 18 or 19, 

wherein said stereo flicker chronoscope is operable to 
35 serially display stereo pairs or sets of stereo pairs. 



21. An apparatus as claimed in either claim 17 or 19, 
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Wherein said measuring means includes a three 
aimensional cursor • 

•Ulptieal te^late that M^y ^ .uwriapo.*i over each 
CP-C di.=. ana ^ch „a. he „ea te ^aaure 1 „ 
^« para.^te„ incluain, neuro-retinal 
optic disc cupping. 

10 

to «,parat„. a, =lai,«a in either clai. l, or « 
«^re.n^.aia caXcnXatin, «an. inci„aea colter' 

24. to apparatu. as clai^ in any one of clai.e « to 23 
-re^n ,aia firat an. .econ. i^,e. are x«t an! ri^;. 

to apparatus as clai^Kl in ani- one of =lai«, « to 24 
^reon the .ispia^ .".Itaiy 

ime. Of the first ^ of the seoond isage. 

2«. to apparatus as clai^ in on. of =lai„ „ to 25 
Wherein said i„,in, ^ i. . „a«ra a 

* ^^'^ a ,:;eo 

srCle' ""°'°' '>"'«»^-»P« or a^ other 

suitable .„.„n, «ans that is able to record t»c 
different views of the object to be iM^^. 

27. to apparatus as clai^d in any one of clai„ „ ^ 

Wherein said di.itisin, „an. is to ^,0^1"^; 

"^T:^:::z"::z't — 

or convertin, ^ Z,Z.T:TZ:7rZ::. 
An apparatus a. clai:^ in any on. of clai.s » to 27. 



20 



25 



30 



35 



..Page 24 of 34 



WO9920056 [http:/^^A^^v .getmep atentxom/Lo qi^.dQq/$ pkennedv/Fetch/W09920056xpc?tooibar=bottom Pag e 25 of 34 

WO 99/20056 PCT/AU98/00863 

- 23 - 

wherein said controller means Is a computer or a 
microprocessor . 

29. An apparatus as claimed in any one of claims 16 to 28, 
5 wherein said image processing means is custom software. 

30. An apparatus as claimed in any one of claims 16 to 29, 
wherein said ixoage processing means uses colour 
matching and image registration methods for the 

10 correction of differences in colour, rotation, 

translation and scale, and/or Includes means for 
chcuiging image magnification in three dimensions and 
real time. 

15 31. An apparatus as claimed in claim 30, wherein said 

methods includes a colour matching technique utilising 
a linear adjustment method to match the mean and 
standard deviation of each colour component, and an 
automatic or semi-automatic technique for rotation and 

20 translation effects. 

32. An apparatus as claimed in any one of claims 16 to 31, 
wherein said display mews includes a video display 
monitor or the like. 

25 

33. An apparatus as claimed in any one of claims 16 to 32, 
wherein said visualizing means includes a pair of 
Liquid Crystal Display goggles. 

3 0 34. An apparatus as claimed in claim 33, wherein said 
goggles are Vrex wireless or 3-D Max goggles. 

35. An apparatus as claimed in either claim 33 or 34, 

wherein said LCD goggles are electronically coupled to 
35 the display means. 



36. An apparatus as claimed in any one of claims 17 or 19, 
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Wherein the result display aeaas includes a polar graph 
centred on the optic nerve head. 

37. An apparatus for visualising three dimensional, 
recreated views of an object, including- 

a stereo camera for obtaining first and second 
images of a stereo pair; 

digitizing means for digitizing the first and 
second images; 

iaage processing means for determining and 
correcting for colour, rotation, translation and scale 
differences between two different interlaced images of 
the same object; ««»eB or 

controller means for converting the images into 
an interlaced image, in which an approximately egual 

then Of the second image are displayed alternately; 

display means for displaying registered, 
interlaced images; and 

thr«. T'"''"'''^'^' visualizing the images in 

tnree dimensions. 

38. An apparatus as claimed in claim 37, including 

Tthllb Characteristics 
Of the Object, calculating means for calculating 
desired measurements of the object, and result display 
means for displaying the results of measurements. 

An apparatus as claimed in either claim 37 or 38 
including a stereo flicker chronoscope for co^a;ison 
Of stereo pairs or sets of stereo pairs. 

An apparatus for visualizing three dimensional 
recreated views of an object, including- 

imaae«" T""" obtaining first and second 

images of a stereo pair; 

digitizing means for digitizing the first and 



39 
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second images; 

image processing means for determining and 
correcting for colour, rotation, translation and scale 
differences between two different interlaced images of 
5 the Scuae object; 

controller means for converting the images into 
an interlaced image, in which eui approximately equal 
number of one or more horizontal lines of the first and 
then of the second image are displayed alternately; 
10 display means for displaying registered, 

interlaced images; 

visualizing means for visualizing the images in 
three dimensions; 

stereo flicker chronoscope for comparison of 
15 stereo pairs or sets of stereo pairs; 

measuring means for measuring specific 
characteristics of the object; 

calculating meatns for calculating desired 
measurements of the object; and 
20 result display means for displaying the results 

of measurements. 



41, An apparatus as claimed in any one of claims 37 to 40, 
wherein said first and second images are left and right 
25 images. 



42. An apparatus as claimed in any one of claims 37 to 41, 
wherein said object is any object in which three 
dimensional topographic data is desirable. 

30 

43. An apparatus as claimed in any one of claims 37 to 42, 
wherein said object includes human or animal tissue. 

44. An apparatus as claimed in any one of claims 37 to 43, 
35 wherein said object is a human or animal body part. 



45. An apparatus as claimed in amy one of claims 37 to 44, 
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10 



15 



20 



25 49, 



30 



images of an object including: ^ 

obtaining two images of the 

-—MisieB or tne same object from 

different angles; 

digitizing said images; 

colour matching and registering the images- 
converting the two images into an interlacld 

visuaulll'T'.'"^' 

Visualizing the xmage in three dimensions; 
measuring areas of interest; and 
calculating desired measurements of the object. 

47. A method as claimed in claim 46, including comparing 
stereo pairs or sets of stereo pairs. 

48. A method as claimed in claim 46, including colour 
correcting and/or registering and displaying 
se,^entially or flickering two or more sterlo palr« ■ 
3. to highlight Change or differences i: ::;;:::::/'^ 

A method as claimed in any one of claims 46 to 48 
including displaying the results af 

i-uo results of said measurements. 

50. A method „ la a»y on. Of oLi.. „ to 49 

resolution. 
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